Elasticity of the demand for low-skilled and high-skilled labour in the European Union with respect to foreign outsourcing is estimated, using alternative flexible cost functions. The choice of functional form is apparently not immaterial, as different forms can lead to conflicting conclusions. Tests that can help to discriminate between different forms of functional specification show that a traditional generalized Leontief cost function is often rejected in favour of a minflex Laurent generalized Leontief cost function. Overall, the estimation results show that foreign outsourcing had a significant impact on the demand for low-skilled and high-skilled workers in the sample period. The pattern is however industryspecific and suggests, in line with some recent theoretical models, an ambiguous relationship between outsourcing and labour demand. There is some evidence that high-skilled labour and capital are (relative) complements.
work the phenomenon of foreign outsourcing (i.e., international trade in intermediate inputs) is ignored, could explain why relatively little evidence has been found on the potential role of international trade in rising wage inequality or the increased unemployment of low-skilled workers. Krugman (1995) , in pointing out that the overall volume of international trade did not change as dramatically as is sometimes assumed, noticed a potentially new aspect of international trade: the slicing up of the value added chain, with multinational firms being increasingly able to break up their production process in geographically separated steps, although he subjoined that this was more a general belief than that it could be substantiated by hard statistical evidence. Feenstra and Hanson (1996) point out that Krugman (1995) only considers foreign direct investment flows by multinationals, which are in his view too modest to explain observed changes in wages and employment in the United States. Using a more general definition of foreign outsourcing, i.e., all imports of intermediate goods or final goods used in domestic production or sold domestically, Hanson (1996, 1999 ) find a significant and substantial impact of foreign outsourcing on wage inequality for the United States. 1 Feenstra and Hanson (1996) proposed a theoretical model of foreign outsourcing with a country that is relatively abundant with high-skilled labour (e.g., the United States) and a country that is relatively abundant with low-skilled workers (e.g., Mexico). An interesting feature of the proposed model is that if capital would flow from the US to Mexico in response to differences in the rate of return to capital and the liberalization of investment in Mexico (or alternatively if neutral technological change occurs in Mexico), the demand for high-skilled labour will rise and, given flexible labour markets, the relative wages of high-skilled workers will increase in both countries, which apparently conciliates well with stylized facts.
Whereas the Feenstra and Hanson (1996) framework explains both the decrease in relative wages of low-skilled workers and increased skill-intensity of production in both high-skill and low-skill abundant countries, other models lead to more ambiguous conclusions as to the impact on low-skilled workers (e.g., Arndt 1997 , Deardorff 1998b , Venables 1999 , Jones and Kierzkowski 2001 .
Later on, Kohler (2002) tries to link up the different theoretical principles that 1 Apparently there is some competition among scholars to coin the most original term for the phenomenon of firms breaking up their production process and moving (or outsourcing) separable stages to the most optimal location (country), with some of the contestants being: (foreign) outsourcing (Katz and Murphy 1992, Feenstra and Hanson 1996) ; slicing up the value added chain (Krugman 1995) ; (international) fragmentation (Deardorf 1998b); intra-product specialization (Arndt 1997) and global production sharing (Feenstra and Hanson 2001) . Without designating a winner I will stick to the term foreign outsourcing throughout this text.
have been put forward to model outsourcing by proposing a general equilibrium framework where both Ricardian and Heckscher-Ohlin aspects play a role in determining the impact on factor rewards. International factor price differences and differences in technology are the driving forces of foreign outsourcing. The impact on factor rewards depends on the factor intensity of the production stages that remain in the outsourcing country and not on the factor intensity of the stages that are outsourced. In addition, Strauss-Kahn (2002) proposes a model of foreign outsourcing in which, reflecting the situation in continental Europe, foreign outsourcing will cause unemployment of low-skilled workers in high-skilled abundant countries, due to assumed wage rigidity. From the foregoing it is clear that the relatively scarce theoretical models of foreign outsourcing do not provide an unambiguous prior assumption about the impact of outsourcing on income distribution. Empirical work can provide some useful insights.
In this paper, data on international trade in intermediate inputs and wages of low-skilled and high-skilled workers are combined to assess the impact of foreign outsourcing, by high-skilled abundant EU countries, on the domestic demand for low-skilled and high-skilled workers in the period 1985-1996. 2 The impact of international trade on labour demand is estimated within a flexible cost function framework. In contrast with most other empirical methodologies, such a framework permits to derive the demand for production factors without assuming perfect competition. If the demand for a specific factor, such as low-skilled labour, is reduced due to a given external factor like foreign outsourcing, a number of lowskilled workers will be unemployed if their wages are sticky. The assumption of perfect (labour) market competition is very heroic for most EU countries and a flexible cost function framework therefore seem more appropriate for the EU than a framework based on for example the Stolper-Samuelson theorem. This is one of the first studies to estimate the impact of foreign outsourcing on the demand for low-skilled and high-skilled labour for a panel of EU countries. Most of the previous flexible function estimates focus on the United States or on single EU countries. Moreover, most of these studies consider trade in final goods rather than in intermediate goods. Another contribution of this paper is that it considers a number of alternative forms of the cost function, whereas in other studies only one specific form is considered. The choice of the functional form is however not immaterial, as estimates are apparently sensitive to the form of the cost function, with occasionally conflicting results. Tests can be used to discriminate between alternative cost functions, which permits to rely upon the results of the estimates of the most favoured flexible cost function.
In the next section, different flexible cost functions and the tests to discriminate between them, as well as the data and the methodology are described. In Section III, the resulting estimates are compared to results of previous empirical studies. And, finally, Section IV provides some conclusions and suggestions for future research.
II. Empirical section A. Labour demand and the choice of functional form
One of the fundamental assumptions in the Heckscher-Ohlin-Samuelson theory is that wages are fully flexible. If this assumption holds, wages will adjust to market-clearing levels, which guarantees full employment of all production factors. However, if wages are sticky, full employment of the relatively scarce production factor is no longer ascertained (e.g., Krugman 1995) . If wages in EU countries are indeed sticky, as is often argued, lack of evidence on the impact of international trade on the relative wages of low-skilled workers in the European Union does not necessarily imply that the position of low-skilled workers may not be affected in terms of employment.
The demand for production factors like high-skilled and low-skilled labour can rather straightforwardly be derived from a cost function, which reflects the costminimising behaviour of firms. Flexible function specifications impose as little restrictions as possible. The most popular flexible cost functions are the duals of the transcedental logarithmic production function (translog-TL) and the generalized Leontief production function (GL) proposed respectively by Christensen, Jorgensen and Lau (1971) and Diewert (1971) . The translog cost function (TL) is given by and the generalized Leontief cost function (GL) by 0 1 1 1 1 1 ln ln ln ln ln ln ln 2
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, , where C denotes costs, p i the price of the i-th input factor and X output. Using the well-known KLEM database of US manufacturing in the period 1947 -1971 , Berndt and Khaled (1979 reject models that are close to the translog specification as they fail concavity conditions. Berndt and Wood (1982) and Diewert and Wales (1987) find that imposing concavity on a translog form substantially reduces the goodness of fit and that both a translog and GL specification rather often violate concavity conditions. Barnett (1985) and Barnett, Lee and Wolfe (1985) have shown that both the GL function and the TL function tend to violate regularity conditions within the data region.
3 The GL function has good regional properties when substitutability is low and the TL function has good regional properties when elasticity of substitution is close to one. This is not entirely surprising given that the GL function is derived from a second-order Taylor series expansion of a Leontief function for which elasticity of substitution equals zero and the TL function from a second-order Taylor series expansion of a Cobb-Douglas function for which elasticity of substitution equals one (Barnett, Lee and Wolfe 1985: p. 4) .
In addition to the finding by Caves and Christensen (1980) that the performance of both functional forms deteriorates rapidly as elasticity moves away from their respective specific values of global well-behaviour, this leads Barnett, Lee and Wolfe (1985: pp. 4-5) to argue: "As a result, neither model is attractive when little prior knowledge exists about the relevant elasticities, and the selection between models requires very strong prior knowledge about elasticities." They propose to use second-order Laurent expansions of the TL and GL functions and find that these functional forms perform better, especially for time series. A Laurent expansion results in the following expressions, a Laurent translog cost function (LTL):
and a Laurent generalized Leontief cost function (LGL):
3 Barnett (1985) and Barnett, Lee and Wolfe (1985) actually consider indirect utility functional forms rather than production or cost functions. 
The remainder term of a Laurent expansion is the sum of two terms which by definition always move in opposite directions and therefore varies more smoothly than the remainder term of a Taylor series expansion, which is close to zero at the centre of approximation but rapidly increases outside the radius of convergence (Barnett, Lee and Wolfe 1985: p. 9) . A minflex Laurent function is obtained by imposing on a full second-order Laurent expansion the minimality property, which states that functions should have just enough parametric freedom to satisfy the definition of a flexible functional form. Minimality is obtained by imposing the restriction α ij .ζ ij = χ iX .Ψ iX = 0 for all i-j combinations (Barnett 1985: pp. 35-38) .
Laurent flexible functional forms have not been applied frequently in empirical work. Recently Giannakas, Tran and Tzouvelekas (2003) compared a number of production function forms, nested within a generalized quadratic Box-Cox model (e.g. GL and TL), with a minflex LTL and a minflex LGL production function specification in an estimation of technical efficiency in 125 Greek olive growing farms. The functional forms nested within the generalized quadratic Box-Cox model can be tested against the Box-Cox specification with likelihood ratio tests and against one another with the likelihood dominance criterion proposed by Pollak and Wales (1991) . As the minflex Laurent functional forms are not nested within the generalized quadratic Box-Cox, Giannakas, Tran and Tzouvelekas (2003) use the non-nested hypothesis tests developed by MacKinnon et al. (1983) to discriminate pair-wise between the different non-nested functional forms. The non-nested hypothesis test shows that the minflex LTL and LGL functional forms are strongly favoured over the generalized quadratic Box-Cox function, which in turn is favoured over any of its considered nested functional forms (e.g. the traditional TL and GL forms). The minflex Laurent functional forms are superior to the Box-Cox functional forms but both Laurent functions fit the data comparably and it is therefore not possible to favour one over the other. Berman, Bound and Griliches (1994) , used a TL cost function to estimate the impact of computer investment and R&D activities on the wage bill share of nonproduction workers in the US in the period 1979 -1987 . Feenstra and Hanson (1996 used the import share as an explanatory variable in a TL specification to estimate its impact on the wage bill share of non-production workers in the US in the period 1959 -1987 . Strauss-Kahn (2003 and Egger and Egger (2003) also use a TL specification but consider the employment share rather than the wage bill share as the dependent variable to account for wage rigidity in respectively France and Austria. Morrison and Siegel (1997) The variables s denote output (X) and the external determinants. Applying Shephard's lemma, the demand for the j-th input factor can be obtained by differentiating (5) with regard to its own price:
Log-differentiating the demand for an input factor given in equation (6) with respect to the n-th element of vector S gives the elasticity of demand for that factor with respect to the considered external factor:
The J-test proposed by Davidson and MacKinnon (1981) permits to discriminate between two non-nested functional forms. Consider two non-nested model specifications:
with α and β the respective parameter vectors. The two models are artificially nested within a compound model:
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. . As δ, α, β are generally not identifiable Davidson and MacKinnon (1981) proposed a J-test in which β (i.e., the parameter vector of the hypothesis specification that is not tested) is replaced by its least squares estimate β . They showed that if hypothesis H 1 holds the t-statistic of δ will be asymptotically standard normally distributed.
To test hypothesis H 2 , α is replaced by its least squares estimate α in (10). The pair of non-nested hypotheses tests can have four outcomes (Davidson and MacKinnon 1993: p. 383 
B. Data and methodology for estimation
Data on wages and employment of low-skilled and high-skilled workers, foreign outsourcing and R&D expenditures are at the two-digit ISIC industry level, except for ISIC 38 for which data are at the three-digit level. Sufficient data are available for Belgium, Demark, France, Germany and the United Kingdom, for the period 1985-1996. With regard to foreign outsourcing, three country groups are distinguished: High-skilled abundant countries (HSC), relatively low-skilled abundant EU countries (EULS) and the group of Newly Industrialized Countries (NIC).
4
Both TL and GL specifications and the alternative LTL and LGL specifications have been considered. However, the translog cost functions performs very bad. For many sectors the estimation procedure fails to converge or results in significant own price elasticity estimates with a wrong sign. Given these poor results the discussion focuses on the results of the GL specifications. Berndt and Wood (1982) found, for US manufacturing industries in the period , that imposing global concavity conditions on a TL cost function ensured that the cost function was well-behaved but resulted in poor goodness of fit, for their data set, and suggested that the trade-off between conditions of well-behavior and goodness of fit may be less severe for other functional forms like the generalized Leontief (Berndt and Wood 1982: p. 219 ). Overall, the GL cost functions appear to be wellbehaved, even without imposing restrictions.
For each individual ISIC industry an extended GL specification (Morrison and Siegel 1997) and an extended minflex LGL specification are considered. The system of demand equations was estimated with iterative three-stage least squares, using lagged variables as instruments (cf. Morrison Paul and Siegel 2001) . Three input factors are considered: high-skilled labour (HS); low-skilled labour (LS) and capital (K). Table 1 shows the results of elasticity measures derived from the GL and LGL specification for each individual ISIC industry, estimated for the panel of five EU countries. Elasticity has been evaluated at the means and the ANALYZ procedure in TSP has been used to compute standard errors. 5 ,6 For all industries, except for high-skilled labour in ISIC 35 (chemicals) and ISIC 385 (precision instruments), own price elasticity of input factors (i.e. ε LS,wls for low-skilled workers and ε HS,whs for high-skilled workers) has the expected (negative) sign and is mostly highly significant.
III. Results
The results of the J-tests show that in eight out of the twelve industries considered the traditional GL specification is rejected whereas a Laurent GL specification is not, albeit in five industries GL is only rejected at the 10 % level. Only in two industries (ISIC 34-paper, printing and publishing and ISIC 37-basic metal industries) GL is clearly preferred to LGL. For ISIC 35 both a GL and a LGL specification are rejected and for ISIC 383 (electrical equipment) the J-test is inconclusive. Given the rather substantial differences in estimated elasticity, in some cases even with contradictory conclusions, the choice of functional form seems to matter. Moreover, the appropriate functional form appears to be industry specific. Actually, the eight LGL specifications that are preferred to a GL specification differ in which parameters are restricted to be zero and can therefore also be considered as different functional forms.
Trusting in the results of the preferred specification, the positive estimates of , LS whs ε suggest that low-skilled and high-skilled labour are substitutes in nine LGL vs. GL GL vs. LGL
LGL vs. GL GL vs.
LGL
LGL vs. GL ) is only (significantly) negative in ISIC 31 (food, beverages and tobacco), so there is little evidence for absolute skillcomplementarity. Frondel and Schmidt (2003) pointed out that high-skilled labour and capital can be relative complements, even if elasticity is positive, if the elasticity of the demand for high-skilled labour is smaller than the elasticity of low-skilled labour. According to this criterion high-skilled labour and capital are relative complements in seven industries. The results suggest that in the group of countries considered technological change, when accompanied with capital investment, has increased the demand for high-skilled labour with both capital and high-skilled labour substituting for low-skilled labour, i.e., technological change (or capital deepening) was biased in favour of high-skilled labour, at the expense of lowskilled workers.
With regard to the relationship between high-skilled labour and capital, the GL and LGL specifications have a substantially different outcome, even contradictory conclusions in a number of industries (e.g., significant absolute complementarity between capital and high-skilled labour following a LGL specification but significant substitution following a (rejected) GL specification in ISIC 31).
Foreign outsourcing towards high-skill abundant countries increased both the relative and absolute demand for low-skilled workers (see ,
LS hsc ε
) and decreased the demand for high-skilled workers ( , HS hsc ε ) in most industries. In some industries, outsourcing towards relatively low-skilled abundant EU countries decreased the absolute demand for low-skilled as well as high-skilled workers ( , LS eulw ε and ,
HS eulw
ε respectively). In the group of relatively low-skill abundant EU countries three countries joined the European Union (Portugal and Spain), or had only been a member for a short time (Greece), at the beginning of the period considered (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . The estimation results suggest that the increased foreign outsourcing that resulted from the integration of these relatively low-skill abundant countries in the EU had a negative impact on the demand for low-skilled workers in the five EU countries considered. The results show that foreign outsourcing does not unambiguously harm lowskilled workers and that the impact may depend on the difference in factor intensity in both the outsourcing country and the country whereto production fragments are outsourced, as suggested by some theoretical models (e.g., Deardorff 1998b and Venables 1999) . The estimates seem to be in line with previous empirical studies in which the impact of foreign outsourcing on the labour market in industrialized countries is estimated within a flexible cost function framework. Feenstra and Hanson (2001) , for example, found that for US manufacturing sectors in the period 1979-1990, foreign outsourcing can explain 15 to 24 per cent of the increase in the wage bill share of non-production workers. Using import shares as a proxy for foreign outsourcing Anderton and Brenton (1999) and Anderton, Brenton and Oscarsson (2002) also found that imports from low-wage countries significantly increased the demand for non-manual workers, for the UK and Sweden respectively. For France, the estimates by Strauss-Kahn (2003) suggest that foreign outsourcing explains 25 per cent of the decrease in the employment share of low-skilled workers in the period 1985-1993 and for Austria Egger and Egger (2003) estimated that 25 per cent of the increase in relative employment of high-skilled workers can be explained by outsourcing towards East European Countries for the period 1990-1998.
In contrast with some of the early empirical studies, most flexible cost function estimates suggest a significant impact of international trade (in final or intermediate goods) with Newly Industrialized Countries on the wages or employment of lowskilled workers in high-skill abundant countries. However, the results in this study, as well as most previous flexible cost function estimates, also indicate that other determinants (e.g. technological change) have to be considered, as the share of changes in the wage bill or employment that can be explained by international trade is relatively modest (generally close to 25 per cent).
IV. Conclusions
In previous empirical work the demand for low-skilled and high-skilled workers with regard to international trade and technological change has been estimated with demand equations that can be derived from flexible cost functions. The two most popular flexible functional forms are the translog (TL) and the generalized Leontief (GL) and these have been used in previous studies. However, Barnett (1985) and Barnett, Lee and Wolfe (1985) have shown that these functional forms are only appropriate under strict assumptions on substitution elasticity. They proposed minflex Laurent functional forms, which have better global properties. In this paper a traditional GL cost function is compared with a minflex Laurent GL (LGL) cost function to estimate the impact of foreign outsourcing from five EU countries towards three different country groups in the period 1985-1996. Nonnested hypotheses tests show that in eight out of twelve industries the latter is clearly the preferred specification, whereas only in two industries traditional GL is Foreign outsourcing seems to have had a significant impact on labour demand in the five EU countries considered. Overall, in most industries, outsourcing towards high-skill abundant countries decreased relative demand for high-skilled workers and outsourcing towards Newly Industrialized Countries increased the demand for high-skilled workers, but the results suggest a complex rather than a straightforward relationship between foreign outsourcing and labour demand. This finding seems in line with some of the complex relationships proposed in a number of recent theoretical models on international outsourcing, although these models clearly adopt a broad view that is beyond the scope of this paper. More empirical work needs to be carried out to test the different mechanisms and hypotheses proposed in the theoretical models.
Although the impact of foreign outsourcing on the demand for labour, in the EU countries considered, is relatively modest and technological change possibly can explain a more substantial part of changes in labour demand, future research needs to account for the interaction between two determinants, trade-induced technological change and the impact of technological change on trade competitiveness. Table A1 . Description of variables and data sources
Employment
Number of operatives and non-operatives is taken from the the UNIDO General Industrial Statistics database for the period 1985-1991. From 1992 onwards data for manual and nonmanual workers from the Labour Force Surveys (LFS) data (Eurostat). For Belgium data on the number of manual and non-manual workers are provided by the National Office for Social Security (RSZ) for the entire period 1985-96.
Wages
Monthly wages of non-manual workers from NewCronos (Eurostat). For manual workers this data source gives gross hourly wages. For the period 1985-1991 UNIDO provides the wage sum of operatives and the number of operatives, which allows for a straightforward way of computing monthly wages of operatives. From 1992 onwards, monthly wages of manuals are computed with the wage sum of manual workers (total wage sum-wage sum non-manual workers (LFS + NewCronos)) and the rescaled number of manual workers (LFS).
Price of capital
The price of capital is calculated as: P Ki,t = q i,t *(r t +d i ) , with q i,t : investment deflator of i-th type capital (e.g. capital in sector i) in year t ; r t : long-term government bond yield and d i : depreciation rate of ith type capital (e.g., Berndt and Hesse 1986) . Data on long-term government bond yields were taken from the IMF International Financial Statistics. The same source contains data on fixed capital consumption from which depreciation rates can be computed. Unfortunately this information is given for few countries, sectors and years. Rather than using the sector depreciation rate for just a couple of observations, and disregarding it for most observations, only r t is used. For q i,t sector-specific deflators are computed from the value added data given in the OECD Structural Analysis industrial (STAN) database.
R&D
R&D stocks are computed with data from ANBERD, completed with BERD data (both from OECD). The 1973 stock was taken as the initial stock and computed with the formula given by Coe and Helpman (1995) .
